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MULTICHANNEL ACCESS POINT WITH
COLLOCATED ISOLATED ANTENNAS

BACKGROUND OF THE INVENTION

The present application discloses embodiments directed
to wireless access points for use with a wireless local arca
network (WLAN). In a typical wireless access point (AP), a
single or dual band radio component 1s operated with one or
more omnidirectional or directional antennas having mod-
erate gain. The supportable throughput of an AP 1s typically
determined by the antenna coverage pattern combined with
the signal rate and modulation type provided by the radio
component. With an increase of wireless tratfic 1n a particu-
lar coverage area, 1t 1s desirable to service more users on a
dense client area. It would thus be desirable to increase
throughput of an AP. Several approaches have previously
been used, including frequency, time, code, and polarization
division multiplexing.

With Frequency Division Multiplexing (FDM), a number
of signals are combined 1nto a single channel, where each
signal 1s transmitted over a distinct frequency sub-band
within the band of the channel. However, FDM 1s typically
limited by the channel availability of the selected wireless
network standard. For example, it may be contemplated to
mix three channels under the IEEE 802.11 b/g standards
with eight channels under the 802.11a standard within a
orven physical area 1f co-channel interference could be
mitigated. However, if channel coverages are overlapped,
the resulting mutual interference imposes a scaling limita-
fion on the network, and no throughput increase can be
obtained. Also, interference 1s high between transmit and
receive channels within collocated or nearby radio compo-
nents due to antenna-to-antenna coupling, multipath
interference, and electronics coupling.

With Time Division Multiplexing (TDM), a signal is
divided mto a number of time segments of short duration.
Data from a respective number of signals 1s modulated into
the time segments. However, TDM 1s limited by standards
and only available 1f supported therein. It may be desirable
to use a time-slotted protocol to enhance throughput, but
such slotting might fall outside the current standards, such as
with 802.11g or 802.11a, for example. While the current
standards may limit throughput efficiency, compatibility
requirements with the standard precludes the implementa-
tion of a TDM system.

With Code Division Multiplexing (CDM), the transmitter
encodes the signal with a pseudo-random data sequence,
which 1s also used to decode the signal. CDM can potentially
raise channel utilization 1f suitable power control and other
network management functions are 1imposed. However, the
current AP standards do not permit incorporation of such
spread spectrum modulation and multiplexing.

With polarization diversity, two separate channels are
multiplexed mnto orthogonal polarizations of a signal carrier,
thereby doubling capacity. Polarization diversity has been
employed in AP technology, especially for bridges.
However, performance suffers 1n an indoor environment
containing metal grids and other multipath and depolariza-
fion propagation phenomena. Therefore, polarization diver-
sity 1s not viable at the present time without employing
real-time adaptive combinational techniques.

With Space Division Multiplexing (SDM) a particular
coverage areca 15 divided into sectors. In this approach, a
space 1s divided geometrically using directional antenna
beams pointed at clients to minimize coverage overlap. The
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2

directional beams may be formed electronically or by using
separate apertures, as 1S known 1n the art. A common
implementation 1s found in sectorized cellular mobile sys-
tems. However, such systems rely on large, expensive high-
rejection multiplexing filters to separate transmit channels so
as to not interfere with receivers on adjacent beams. This 1s
not a suitable approach for WLAN applications due to both
size and cost.

None of the above-noted solutions can satisty the goal of
raising throughput while conforming to presently accepted
wireless network standards, though FDM suffers from the
least number of drawbacks. A preferred solution would
enable the transmit and receive channels to reside 1n a single
AP housing along with the respective antennas. However,
with such an approach it would be difficult using known
techniques to avoid interference of the adjacent or alternate
channels used for transmission and reception of signals.

SUMMARY OF THE INVENTION

The difficulties and drawbacks associated with previous
type implementations are overcome with the present inven-
tion 1n which embodiments directed to a wireless telecom-
munications device are disclosed, including a plurality of
wireless antennas, each respectively for transmitting and
receiving wireless signals 1nto a predetermined sector of an
omnidirectional space, and a mounting structure for retain-
ing the respective plurality of wireless antennas. The mount-
ing structure 1s configured to 1solate the respective wireless
signals.

As will be realized, the invention 1s capable of other and
different embodiments and its several details are capable of
modifications 1n various respects, all without departing from
the mvention. Accordingly, the drawings and descriptions
are to be regarded as illustrative and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are directed to exemplary embodiments
of the multichannel access point 1n accordance with the
present 1nvention.

FIG. 2 1s a gain pattern showing gain for a patch antenna
used 1n accordance with an exemplary embodiment of the
present 1mvention.

FIGS. 3A and 3B compare antenna i1solation characteris-
fics 1n horizontal and vertical polarizations for antennas on
opposite and diagonal sides respectively of an exemplary
embodiment of the present invention.

FIG. 4 shows an alternate embodiment of an access point
in accordance with the mnvention having a triangular con-
figuration.

FIGS. 5A and 5B compare antenna i1solation characteris-
tics for slant polarizations for diversity antenna pairs on
opposite and diagonal sides respectively of an exemplary
embodiment of the present invention.

FIG. 6A1s a top view of the antenna system employed by
the multi-channel access point of FIG. 1A and 1B.

FIG. 6B 1s a graphical representation of a of normals from
the surfaces of the antenna elements 1in a horizontal plane.

FIG. 6C 1s a graphical representation of a first pair of
normals from two surfaces of a first pair of antenna elements
in 1llustrated 1n FIG. 6A from the perspective of a first
vertical plane orthogonal to the horizontal plane of FIG. 6B.

FIG. 6D 1s a graphical representation of a second pair of
normals from two surfaces of a second pair of antenna
clements 1n illustrated in FIG. 6A from the perspective of a
second vertical plane orthogonal to the horizontal plane of

FIG. 6B.
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FIG. 7A 1s a top view of a three sided antenna system
employed by the multi-channel access point of FIG. 4.

FIG. 7B 1s a graphical representation of the normals to a
first pair of antenna elements illustrated 1n FIG. 7A.

FIG. 7C 1s a graphical representation of the normals to a
second pair of antenna elements illustrated 1n FIG. 7A.

FIG. 7D 1s a graphical representation of the normals to a
third pair of antenna elements illustrated 1n FIG. 7A.

DETAILED DESCRIPTION OF THE
INVENTION

A multichannel access point 1s disclosed herein that
reduces channel-to-channel interference by providing a
number of collocated, 1solated antennas, as will be set forth
in detail below. In the preferred embodiment, the present
multichannel AP divides an omnidirectional coverage arca
into discrete sectors so that a particular one of a plurality of
wireless antennas 1s used to transmit and receive wireless
signals 1to a speciiic sector of the ommidirectional space.
Throughput over the ommnidirectional coverage area i1s
thereby raised by a factor equal to the number of sectors.

In one aspect of the present invention, a plurality of patch
antennas 1s employed. In the preferred embodiment, a lin-
carly polarized patch antenna having a parasitic element can
be used, such as 1s disclosed 1n U.S. Ser. No. 10/146,609, the
disclosure of which i1s hereby incorporated by reference.
Such a patch antenna has a desirable front-to-back ratio and
low depolarization. It has been found that mounting such
antennas with a certain separation, orientation, and 1nclina-
tion provides a surprising amount of antenna isolation,
thereby enabling the omnidirectional space to be sectorized,
with the resulting increases 1n access point throughput.

A linearly polarized patch antenna with a parasitic ele-
ment (as indicated above) has a front-to-back ratio of about
20 dB. That 1s to say, the antenna gain 1n a forward direction
1s one hundred times greater than in a 180-degree direction
from the forward direction. It has been found that additional
1solation 1s obtained if such patch antennas are mounted 1n
a co-planar arrangement with a separation of two or more
wavelengths. Preferably, the antennas are separated by a
distance of about 10 inches on center (for 5 GHz), which has
been found to raise the antenna 1solation to 40 dB. However,
separations of between 5 and 15 inches can be used to
produce acceptable 1solation levels, to accommodate various
design objectives. Additional 1solation 1s obtained by mount-
ing the antennas at an angle of inclination from each other.
In this way, the front-to-back ratios of the antennas are
oriented to minimize energy coupling between each other.
Also, such an arrangement increases polarization orthogo-
nality between respective antenna pairs. Preferably, each
antenna plane 1s rotated to an angle of 45 degrees, so that
their normals are at right angles. A scheme such as this has
been found to result 1n an antenna 1solation of about 50 dB.

A mounting structure 1s provided herewith for retaining
the respective wireless antennas, and configured so as to
obtain the above-noted 1solation of the respective wireless
signals associated with the antennas. As shown 1n an exem-
plary embodiment of FIG. 1, four patch antennas 14 are
mounted on a square mounting structure 11 with slanted
sides 12, preferably inclined at an angle of 45 degrees. In
this manner, each of the respectivc antennas 14 are coniig-
ured so as to be mutually orthogonal with each other. In a
patch antenna 14 as presently contemplated, the horizontal
polarization “H” 1s defined as parallel to the plane of the
base and the vertical polarization “V” 1s normal to the
horizontal polarization.
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The patch antennas 1n the exemplary embodiment of FIG.
1 are oriented 45 degrees from normal to a face surface 16
of the mounting structure 11. As a result, the “scallop” or
crossover angle of the gain pattern 1s 45 degrees relative to
the azimuthal plane. The crossover angle of the angle normal
to the face surface 16 1s 90 degrees or less, 1.€. out to the
sides of the face surface 16 and lower, for an access point
mounted on the ceiling. The corresponding angle of the
pattern 1s found to be 60 degrees off boresight. As shown 1n
the E-plane pattern of FIG. 2, the gain of this point 1s about
-2 dB, which corresponds to horizon relative to a ceiling-
mounted AP. All angles directed toward the floor would have
higher gain, resulting 1n satisfactory crossover coverage for
servicing a mobile client. In addition to the advantages
mentioned above, the antenna pattern of the exemplary
embodiment does not have a downwardly directed null,
since the sides are slanted outward, thereby skewing the
directive pattern. Thus, the present access point 10 1s well
suited for providing wireless coverage to a high-density
client area with near-line-of-sight propagation
characteristics, €.g. a conference room, lecture hall, etc.

Referring to FIG. 6A, there 1s 1llustrated a top view of the
embodiment of FIG. 1 showing the normals N61, N62, N63,
N64 to slanted sides 12, which 1s the direction that the beams
from patch antennas 14 are directed. FIG. 6B illustrates the
orientation of normals N61, N62, N63, N64 in the X-Y plane
and the angles between them 1n the X-Y plane where 01 1s
the angle normals N61 and N62, 02 between, N62 and N63,
03 between N63 and N64 and 04 between N64 and N61. In
a two dimensional system, €.g., a system 1n the X-Y plane
only, N61 1s perpendicular (and orthogonal) to N62 and N64,
N62 1s perpendicular to N61 and N63, N63 1s perpendicular
to N62 and N64 and N64 is perpendicular to N63 and N61;
however, the angles between N61 and N63 and N62 and N64
is 80 degrees (01+02 or 03+04; 02403 or 04+01
respectively) in the X-Y plane. However, because the sides
are slanted, the angle of inclination of the slant 1s suitably
selected so that N61, N63 and N62, N64 arc also perpen-
dicular to each other. In the case of the 4 sided figure as
shown 1n FIGS. 1 and 6A, the angle 1s about 45 degrees. As
can be observed in FIG. 6C, because of the 45 degree angle
of inclination, normals N61 and N63 are perpendicular in the
Y-Z plane. Likewise, as can observed 1n FIG. 6D, because of
the 45 degree angle of inclination, normals N62 and N64 are
perpendicular 1n the X-Z plane. Thus, 1n accordance with an
aspect of the present mvention, all of the normals, or the
direction 1n which the beams of patch antenna 14 are
directed are perpendicular to each other.

FIGS. 3A and 3B are graphs exhibiting 1solation charac-
teristics for vertically and horizontally polarized patch
antennas located on opposite and diagonal sides of the
exemplary access point. For the frequency bands of interest,
from 5.18 to 5.32 GHz, the vertical polarization for antennas
on all four faces results 1n signal 1solation of 57 dB or better.
The present 1nvention 1s preferably implemented with a
specification signal and coverage 1s preferably achieved by
using combinations of signals under the IEEE 802.11 b/g as
well as 802.11a protocols, and the antennas can be operable
simultaneously 1in any combination of transmit or receive
mode. Also, it should be noted that the present access point
1s not limited to the four-sided topology of the exemplary
embodiment. Many other topologies can be envisioned,
including triangular enclosures, with suitable antenna ele-
ments and polarizations, all without departing from the
invention. For example, a triangular configuration as shown
in FIG. 4 would have sides with an inclination of 32 degrees
in order to obtain the desired 90-degree face normals. The
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present invention can also be accommodated with a diversity
antenna system 1n which switching occurs between
antennas, 1n order to mitigate multipath distortion. In using
pairs of diversity antennas with the exemplary embodiment
of FIG. 1B, the first pair 1s configured to have vertical
polarization “Vert”, parallel to the side of the access point
10. The second pair has “slant” polarization “Slant” where
one patch has a polarization slanted at 45 degrees left of “V”
and the other patch has polarization slanted 45 degrees to the
right. As shown in FIGS. 5A and 5B, the 1solation charac-
teristics are shown respectively for diversity pairs mounted
respectively on opposite sides and adjacent diagonal sides.
The slant polarization characteristics provide excellent 1so-
lation for an opposite sided diversity pair, on the order of
about =52 dB across the desired wireless band. Thus,
diversity antennas with slant polarization offer good perfor-
mance with the present access point. Compared to the
previously indicated embodiment in which single patch
antennas are mounted at 45 degrees, an 1solation penally of
6 dB 1s observed with a diversity arrangement. However, a
diversity scheme offers the benefit of decreased side-to-side
separation and optimized coverage over the client area.

FIG. 7A 1s a top view of the exemplary embodiment of
FIG. 4. Normals 71, 72, 73 are normal to their respective
surtace 12 and indicative the direction of the beam from the
corresponding patch antennas 14. As 1n the case with FIG.
6, although the angles between normals 71, 72, 73 1s greater
than 90 degrees, the desired 90 degree face normals are
obtained by the angle of inclination of slanted sides 12 with
face surface 16, which in this embodiment 1s about 32
degrees. The 90 degree angles between face normals are

lustrated 1n FIG. 7B for N73, N71, FIG. 7C for N71, N72
and FIG. 7D for N72, N73, which are views taken from lines
7B-7C, 7C-7D, 7D-7B respectively.

As described hereinabove, the present invention solves
many problems associated with previous type devices.
However, 1t will be appreciated that various changes 1n the
details, materials and arrangements of parts, which have
been herein described and 1llustrated in order to explain the
nature of the invention, may be made by those skilled 1 the
arca within the principle and scope of the invention will be
expressed 1n the appended claims.

What 1s claimed 1s:

1. A wireless telecommunications device consisting of:

four wireless antennas, each respectively for at least one
of transmitting and receiving wireless signals into a
predetermined sector of an omnidirectional space; and

a mounting structure comprising slanted sides for retain-
ing the respective four wireless antennas;

wherein the predetermined sector for each antenna is
normal to the slanted side retaining the antenna; and

wherein the mounting structure 1s configured so that the
normals of the all slanted sides retaining the four
wireless antennas are nearly mutually perpendicular
with each other.

2. The wireless telecommunications device of claim 1
wherein at least one of the wireless antennas comprises a
patch antenna having a predetermined front-to-back ratio
and depolarization.

3. The wireless telecommunications device of claim 1
wherein the mounting structure i1s configured to retain the
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respective wireless antennas at a predetermined separation
from each other.

4. The wireless telecommunications device of claim 3
wherein the predetermined separation between the respec-
five antennas 1s at least two wavelengths of the wireless
signals.

5. The wireless telecommunications device of claim 1
wherein each of the four wireless antennas transmit and
receive signals over the same wireless signal bandwidth.

6. The wireless telecommunications device of claim 1
wherein each antenna covers a different predetermined sec-
tor of the ommnidirectional space.

7. The wireless telecommunications device of claim 1
wherein the four antennas comprise at least one diversity
antenna pair.

8. A system of collocated, 1solated antennas, comprising;:

four unidirectional wireless antennas, each respectively
for at least one of transmitting and receiving wireless
signals 1n a predetermined direction; and

a mounting structure with no more than four slanted
antenna-retaining sides wherein each of the antenna-
retaining sides retains one of the respective four wire-
less antennas, and the mounting structure 1s configured
such that the predetermined direction of each of the
four unidirectional antenna 1s normal to 1ts correspond-
ing slanted antenna-retaining side and the predeter-
mined directions of all the wireless antennas are nearly
mutually perpendicular with each other.

9. The system of collocated, 1solated antennas of claim 8,
wherein at least one of the wireless antennas comprises a
patch antenna having a predetermined front-to-back ratio
and depolarization.

10. The system of collocated, 1solated antennas of claim
8 wherein each of the four wireless antennas transmit and
receive signals over the same wireless signal band.

11. The system of collocated, 1solated antennas of claim

8 wherein the four antennas comprise at least one diversity
antenna pair.

12. The system of collocated, 1solated antennas of claim
8, wherein at least one of the four unidirectional wireless
antennas comprises a linearly polarized patch antennas with
a parasitic element.

13. The system of collocated, 1solated antennas of claim
12, wherein the patch antennas has a front to back ratio of
at least 20 dB.

14. The system of collocated, 1solated antennas of claim
8, the mounting structure further comprising a face surface
coupled to the slanted sides, wherein angle of inclination
between the face surface and each of the slanted sides
retaining the four wireless unidirectional antennas 1s about
45 degrees.

15. The system of collocated, 1solated antennas of claim
14, wherein at least one of the four unidirectional wireless
antennas comprises a linearly polarized patch antennas with
a parasitic element.

16. The system of collocated, 1solated antennas of claim
15, wherein the patch antennas has a front to back ratio of

at least 20 dB.
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